




NOBLE  METAL  NANOPARTICLES  WITH  NEARLY  MONODISPERSE  SIZE 
DISTRIBUTION  AND  ARBITRARILY  VARIABLE  SIZE  AND  GEOMETRY  HAS 
ATTRACTED  CONSIDERABLE  INTEREST  ;=  4HE  ½RST  REPRODUCIBLE 
METHOD  WAS  PRESENTED  BY  4URKEVICH  WHO  SYNTHESIZED  !U 
NANOPARTICLES  WITH  A  DIAMETER  OF    NM  VIA  REDUCTION  OF 
(!U#L BY TRISODIUM CITRATE ;= )N GENERAL THE GEOMETRY OF 
THE  PARTICLES  DEPENDS  ON  THE  QUALITY  OF  THE  PRECURSOR 
WHEREAS  THE  PARTICLE  SIZE  DEPENDS  ON  THE  PRECURSOR 
REDUCING  AGENT  RATIO  ;=  91 (E  ET  AL  PREPARED GOLD  SOLS 
WITH DIFFERENT PARTICLE SIZES  NM	 THAT DEPENDED ON THE 
AMOUNT OF TRISODIUMCITRATE ;= 4HE COLOUR OF THE SOLS RANGED 
FROM REDDISH ORANGE   NM	 TO  REDDISH PURPLE   NM	 
DEPENDING  ON  PARTICLE  SIZE  3ARAIVA  AND  /LIVEIRA  ;=  CALLED 
ATTENTION  TO  THE  FACT  THAT  THE  PREPARATION  OF  (!U#L  USING 
CITRATE  IS  IN¾UENCED  BY  A  NUMBER  OF  FACTORS  INCLUDING 
TEMPERATURE  AND  REACTANT  CONCENTRATIONS  4HE  AUTHORS 
STUDIED THE NASCENT PARTICLE SIZE AS A FUNCTION OF THE RATE OF 
TRISODIUM  CITRATE  ADDITION  WHICH  IS  ANOTHER  IMPORTANT 
FACTOR  IN  THE  PROCESS  9  ,UO  EMPLOYED  NATURAL  SUNLIGHT  TO 
SYNTHESIZE  SIZECONTROLLED  GOLD  NANOPARTICLES  STABILIZED  BY 
POLYETHYLENIMINE  PARTICLES  OF  CA    NM  DIAMETER  WERE 






MEASURING  ^  NM  ;=  GOLD  NANOPARTICLES  MAY  ALSO  BE 
SYNTHESIZED AND STABILIZED USING ASCORBIC ACID ;= 
4HE  WORK  OF  ,IZ-ARZfN  ET  AL  IS  OF  FUNDAMENTAL 





4HE  INTERACTION  OF  GOLD  AND  SILVER  NANOPARTICLES  WITH 
BIOMOLECULES  HAS  BEEN  STUDIED  INTENSIVELY  ;  =  3INCE 
METAL NANOPARTICLES SURFACE PLASMON OSCILLATIONS IN THE VISIBLE 
WAVELENGTH RANGE THEIR OPTICAL PROPERTIES ;= ATTRACT INTENSE 
SCIENTI½C  AND  TECHNOLOGICAL  INTEREST  :HONG  ET  AL  SHOWED 
THAT  GOLD  NANOPARTICLES  REDUCED  AND  STABILIZED  BY  CITRATE 
HAVE  A  NEGATIVE  SURFACE  CHARGE  AND  PREFERENTIALLY  BIND  TO 
THIOL AMINE CYANIDE OR DIPHENYLPHOSPHINE FUNCTIONAL GROUPS 
;= "INDING VIA AAMINO GROUPS IS PREFERENTIAL AT LOW P( AND 
IS  SUPPRESSED  AT  NEUTRAL  AND  HIGH  P(  DUE  TO  ELECTROSTATIC 
REPULSION  BETWEEN  THE  SURFACE  OF  GOLD  AND  THE  CHARGED 
CARBOXYL GROUPS
)N  THE WORK PRESENTED HERE  REPRODUCIBLY SIZECONTROLLED 
GOLD  NANOPARTICLES  REDUCED  AND  STABILIZED  BY  CITRATE  WERE 
SYNTHESIZED IN AQUEOUS DISPERSIONS 4HE KINETICS OF THE GOLD 
NANOPARTICLES  FORMATION  WAS  ALSO  STUDIED  'OLD  NANORODS 























































!U  NANOPARTICLES  WERE  PREPARED  BY  4URKEVICH  METHOD  ;= 
&OR THE PREPARATION OF !U NANOPARTICLES (!U#L
(/ 3IGMA







4YP  #HEM  566)3  DIODE  ARRAY  SPECTROPHOTOMETER 
&LORIDA  53!	  AT  WAVELENGTH  L  NM  $URING 
PREPARATION THE ABSORBANCE SPECTRUM OF THE  CM SAMPLE 
WAS RECORDED FROM TIME TO TIME AND THE MIXTURE WAS STIRRED 
WITH  A  MICROMAGNETIC  STIRRER  AT  #  &OLLOWING  THE 
CHANGES IN ABSORBANCE SPECTRUM ADDED CYSTEINE 2EANAL	 TO 
THE  NANOSOLS  WAS  RECORDED  EVERY  MINUTE  WITHIN    MIN 
STARTING AT THE MOMENT OF THE ADDITION OF AMINOACID 
0REPARATION OF GOLD NANORODS




BROMIDE  #4!"R  2EANAL	  ,  ASCORBIC  ACID  2EANAL	  AND 
-1 WATER
4HE GLASS SUBSTRATES WERE TREATED WITH -04-3 AND THEN 
WITH  CITRATE  STABILIZED  GOLD  NANOPARTICLE  SEEDS  AT  DIFFERENT 
CONCENTRATIONS  AND  GROWTH  SOLUTION  WHICH  CONTAINING 
CETYLTRIMETHYLAMMONIUMBROMIDE ASCORBIC ACID AND GOLD 
IONS  ;  =  +INETICS  OF  THE  GROWTH  OF  NANORODS  FROM 
CONTAINING  M- (!U#L SOLUTIONS WAS RECORDED BY DIODE 
ARRAY  SPECTROPHOTOMETER  AT  WAVELENGTHS  L  NM 
4%- IMAGES WERE PERFORMED IN A 0HILIPS #- TRANSMISSION 
ELECTRON  MICROSCOPE  AT    K6  4HE  MICROSCOPE  WAS 
EQUIPPED WITH A -EGAVIEW )) DIGITAL CAMERA 4%- GRIDS WERE 
PREPARED  ON  A  &ORMWAR  FOIL  COVERED  COPPER  GRID  4HE  SIZE 
DISTRIBUTION WAS DETERMINED BY USING 54(3#3!  )MAGE 4OOL 
 SOFTWARE
4HE  GROWTH  OF  !U  NANORODS  WAS  ALSO  MONITORED  BY  A 





BY  DYNAMIC  LIGHT  SCATTERING  $,3	  APPARATUS  AND  THE  :ETA 
POTENTIAL  DATA  WERE  OBTAINED  BY  A  :ETASIZER  .ANO  :3  :%. 
  -ALVERN  )NSTRUMENT  5+	  4HE  MEASUREMENTS  WERE 
RECORDED AT # 3INCE THE ZETAPOTENTIAL MEASUREMENTS 





NANOPARTICLES  IN  AQUEOUS  MEDIUM  BY  REDUCTION  USING 
TRISODIUM CITRATE DIHYDRATE AT # 3IZE AND SIZE DISTRIBUTION 
OF  THE  PARTICLES  FORMED  AND  THE  COLLOID  STABILITY  OF  THE 
OBTAINED GOLD DISPERSIONS WERE STUDIED 4HE MOST COMMONLY 








REACTION  TIME  FOLLOWING  PREPARATION  &IG  A	  )T  IS  CLEARLY 
SHOWN  IN &IG A  THAT  THE PLASMON RESONANCE MAXIMUM OF 
GOLD PARTICLES VARIES WITHIN THE WAVELENGTH RANGE OF  








































ON  CITRATE  CONCENTRATION  4HE MORE  CITRATE  IS  PRESENT  THE 
SMALLER  ARE  THE  NASCENT  PARTICLES  OWING  TO  THE  STABILIZING 
EFFECT  OF  CITRATE  2ELATIVELY  LARGE  GOLD  NANOPARTICLES  ARE 
CHARACTERIZED BY NARROW WELLDE½NED PEAKS WHEREAS SMALLER 
PARTICLES  BY  BROADER  LESS  SHARP  MAXIMA  &IG  A	  ;=  4O 
DETERMINE  THE  SIZE  OF  THE  !U  NANOPARTICLES  FORMED  IN  THE 
VARIOUS GOLD DISPERSIONS SAMPLES WERE PREPARED ON COPPER 
GRIDS  HOURS POSTREDUCTION 0ARTICLE DIAMETERS DETERMINED 




  M-	  THE  SIZE  OF  THE  PARTICLES  FORMED  WAS  ^  NM 
WHEREAS  AT  !UCITRATE  RATIOS  OF    C!U M-  CCITRATE   
M-	  AND    C!U    M-  CCITRATE    M-	  THE  PARTICLE 
DIAMETER STAGNATED AT ^ NM DUE TO THE STABILIZING EFFECT OF 
LARGE  EXCESS  OF  CITRATE  PRESENT  4HESE  VALUES  ARE  IN  GOOD 
AGREEMENT  WITH  THE  EXPERIMENTAL  RESULTS  REPORTED  IN  THE 
LITERATURE ;=
!CCORDING TO &IG A  INCREASING THE  INITIAL CONCENTRATION 
OF  (!U#L    M-  RESULTS  IN  A  CONTINUOUS  INCREASE  IN 
PARTICLE SIZE AT A CONSTANT CITRATE ION CONCENTRATION OF  M- 
!S  PRECURSOR  CONCENTRATION  IS  INCREASED  INCREASINGLY  LARGER 
PARTICLES    NM	  ARE  OBTAINED  BY  THE  EVIDENCE  OF  THE 
PARTICLE SIZE DISTRIBUTION CURVES BASED ON 4%- IMAGES 0ARTICLE 
SIZES DETERMINED BY $,3   NM	  &IG A	 HOWEVER DO 









































































 = 17.91 nm
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NANOPARTICLES  FORMED  IN  THE  SOLUTION  CONTAINING    M- 
(!U#L  ARE  SHOWN  IN  &IG  B  4HE  AVERAGE DIAMETER  OF  THE 
PARTICLES IS ^ NM WHEREAS IN THE SAMPLES CONTAINING  
M- (!U#L  PARTICLES MEASURING ^  NM WERE  FORMED  &IG 




!U  RATIO  	  LEADS  TO  A  DECREASE  IN  THE  STABILITY  OF  !U 
DISPERSIONS  RESULTING  IN  THE  AGGREGATION  OF  GOLD 
NANOPARTICLES
0ARTICLE  SIZE  DETERMINED  BY  $,3  METHOD  PROVIDES 
INFORMATION  ON  THE  SIZE  OF  AGGREGATES  RATHER  THAN  ON  THE 
DIAMETER  OF  INDIVIDUAL  NANOPARTICLES  )F  THE  PARTICLE  SIZE 
OBTAINED BY $,3 MEASUREMENT  IS DIVIDED BY VALUES OF 4%- 
AVERAGE PARTICLE SIZE THE AGGREGATION RATIO CHARACTERISTIC OF 
THE  ADHESION  BETWEEN  THE  GOLD  NANOPARTICLES  IS  YIELDED 
4ABLE 	
!S SHOWN IN 4ABLE  AT RELATIVELY HIGH GOLD CONCENTRATIONS 
  M-	  AGGREGATION  RATIOS  ARE  CLOSE  TO    WHEREAS  AT 
LOWER  GOLD  CONCENTRATIONS  THE  PARTICLES  OBTAINED  ARE 
INCREASINGLY  SMALLER  AND  INHIBIT  AGGREGATION  4HIS  IS  DUE  TO 
THE  PRESENCE  OF  IDENTICAL  CONCENTRATIONS  OF  CITRATE  IONS 
 M-	 IN DISPERSIONS CONTAINING SMALLER AND LARGER PARTICLES 
)N  DISPERSIONS WITH  SMALLER  PARTICLES  THE  NUMBER  OF  CITRATE 
IONS PER PARTICLE  IS  LOWER CONSEQUENTLY  THE  STABILIZATION BY 
CITRATE  IS  LESS EXTENSIVE  RESULTING  IN A  STRONGER  TENDENCY  TO 
AGGREGATE




INCREASING  THE  CITRATEGOLD  RATIO  LEADS  AT  CITRATEGOLD  RATIOS 



















 = 4.8 nm
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4HE  KINETICS  OF  NANOPARTICLE  FORMATION  WAS  STUDIED  AT  !U
CITRATE RATIOS OF    AND  &IG 	 4HE SPECTRA 
IN  THE  LEFT  PANEL  OF  THE  &IGURE  DEMONSTRATE  THE  FORMATION 
OF GOLD PARTICLES OF THE SOL CONTAINING  MOL OF (!U#L AND 
  MOL  OF  TRISODIUM  CITRATE  4HE  ABSORBANCE  RESONANCE 
MAXIMUM  APPEARED  AFTER  ABOUT    MINUTES  'RADUAL 
SHARPENINGNARROWING OF  THE PEAK AND GRADUAL  INCREASES  IN 
ABSORBANCE  VALUES  REACH  THEIR  MAXIMA  IN  ^  HOURS 
AT  THIS  TIME  THE  REDUCTION  PROCESS  IS  COMPLETE 
&IG    CLEARLY DEMONSTRATES  THAT  AS  CITRATE  CONCENTRATION  IS 
INCREASED  GOLD  NANOPARTICLES  TAKE  INCREASINGLY  LONGER  TO 
FORM  WHICH  CAN  BE  ATTRIBUTED  TO  THE  STABILIZING  EFFECT  OF 
CITRATE  4HE  RATE  OF  GOLD  PARTICLE  FORMATION  4ABLE  	  IS 
CHARACTERIZED  BY  THE  SLOPE  ½TTED  TO  THE  STRAIGHT  INITIAL 




























































































'OLD  NANOSOLS  REDUCED  AND  STABILIZED  BY  CITRATE  WERE  ALSO 
USED  FOR  GROWING  GOLD  NANORODS  AND  TO  DETERMINE  THE 
KINETICS  OF  GROWTH  AND  THE  DETECTABILITY  OF  FUNCTIONALIZED 
SURFACES  WERE  INVESTIGATED  BY  RECORDING  566IS  SPECTRA 
.ANORODS  WERE  GROWN  IN  THE  FOLLOWING  WAY  0REVIOUSLY 
SYNTHESIZED GOLD NANOPARTICLES WERE SPREAD ON THE SURFACE OF 
MICROSCOPE  SLIDES  THAT  HAD  BEEN  THOROUGHLY  CLEANED  IN 














































NANORODS  ON  MICROSCOPE  SLIDES  PREVIOUSLY  TREATED  IN  AN 
IDENTICAL FASHION SILANIZED AND SUBSEQUENTLY IMMERSED IN A 
SOL  OF  IDENTICAL  CONCENTRATION	 WERE  IMMERSED  INTO GROWTH 
SOLUTIONS CONTAINING (!U#L IN VARIOUS CONCENTRATIONS  
M-	  /UR  EXPERIENCE  SHOWED  THAT  DEPENDING  ON  THE 
CONCENTRATION OF THE GROWTH SOLUTION DIFFERENT AMOUNTS OF 
GOLD  PARTICLES  ADHERE  TO  THE  SURFACEMODI½ED  MICROSCOPE 
SLIDE 4HE KINETICS OF NANOROD GROWTH ARE PRESENTED IN &IG  
)N  THE  PRESENCE  OF  HIGHER  AMOUNT  OF  (!U#L  INCREASING 
NUMBER OF PARTICLES CAN ATTACH TO THE SURFACE RESULTING IN THE 
FORMATION  OF  THICKER  LAYER  AS  EVINCED  BY  THE  INCREASING 
ABSORBANCE  VALUES  4HE  NANOROD  GROWING  PROCESS  IN   
M- (!U#L IS SHOWN IN &IG  !S INITIAL GOLD CONCENTRATION IS 





4HE  SURFACE  OF  THE  PARTICLES  SYNTHETIZED  WAS  MODI½ED  IN 
CHEMISORPTION PROCESSES BY THE THIOLCONTAINING COMPOUND 
CYSTEINE  &UNCTIONALIZATION  OF  THE  GOLD  SURFACE  BY  CYSTEINE 
WAS MONITORED AND THE EFFECT OF P( AND INCREASING CYSTEINE 
CONCENTRATIONS ON  THE  RESONANCE VALUES OF  THE ABSORBANCE 
SPECTRA WAS STUDIED &IG 	 'OLD NANOPARTICLES ARE LOCATED 
APART EACH OTHER ACCORDING TO 4%- IMAGES &IG C	 BECAUSE 












































































CONSTITUTE  BRIDGE  AMONG  GOLD  NANOPARTICLES  THUS  LARGE 
AGGREGATES FORM WHICH DEPOSIT IN TIME
!S A RESULT OF THE ADDITION OF CYSTEINE A NEW PEAK APPEARS 
IN  THE  566IS  SPECTRA  AT  ABOUT    NM  WHICH  MAY  BE 
CHARACTERISTIC OF GOLD PARTICLES AGGREGATING AS A CONSEQUENCE 
OF  THE  ELECTROSTATIC  ATTRACTION  BETWEEN  POSITIVELY  CHARGED 
.(
 AND NEGATIVELY CHARGED #// GROUPS PRESENT AT P( 
4HIS  PEAK DOES  NOT  APPEAR  AT  P(^  SINCE  AT  THIS  P(  THE 
REPULSION OF NEGATIVE CHARGES KEEPS THE GOLD NANOPARTICLES 
APART &OLLOWING THE ADDITION OF CYSTEINE TWO NEW PEAKS ARE 
OBSERVED  IN  THE  SPECTRUM  THE  ½RST  PEAK  LOCATED  NEAR  THE 
RESONANCE PEAK FOR SINGLE PARTICLES IS ATTRIBUTED TO QUADRUPOLE 
PLASMON EXCITATION IN COUPLED SPHERES WHEREAS THE SECOND 
PEAK  AT  A  LONGER  WAVELENGTH  IS  ATTRIBUTED  TO  THE  DIPOLE 
PLASMON RESONANCE OF GOLD NANOPARTICLES ;=
)F  THE  CONCENTRATION  OF  CYSTEINE  IS  INCREASED  TO  THAT  OF 
GOLD  THE  PEAK  APPEARING  AT  ABOUT    NM  SHIFTS  TOWARDS 
LOWER  WAVELENGTHS  AND  AT  SUF½CIENTLY  HIGH  CYSTEINE 





















































































CYSTEINE WAS  THE  ONLY  REDUCING  AGENT  PRESENT  DURING  GOLD 
PARTICLE SYNTHESIS  THE PLASMON RESONANCE MAXIMUM OF THE 






AGREEMENT  WITH  THE  FORMATION  OF  PEAKS  CHARACTERISTIC  OF 
AGGREGATION IN THE SPECTRA !CCORDING TO $,3 AT !U#YS RATIOS 




FORMATION  4HE  &IGURE  CLEARLY  SHOWS  THAT  UPON  INCREASING 
CYSTEINE CONCENTRATION AGGREGATE FORMATION BECOMES SLOWER 
AND AGGREGATE SIZE FALLS BELOW THAT OBSERVED IN THE PRESENCE 













&ORMATION OF  THE $ PARTICLE  LATTICE  IS DUE TO ELECTROSTATIC 
ATTRACTION  ;=  !T  THE  P(  CORRESPONDING  TO  THE  ISOELECTRIC 
POINT  THE PROTONATED CARBOXYL GROUP OF  CYSTEINE MOLECULE 
COVALENTLY  BOUND  TO  THE  NEGATIVELY  CHARGED  GOLD  PARTICLE 
BINDS  TO  THE PROTONATED AMINO GROUP OF  THE NEIGHBOURING 
MOLECULE  FORMING A BRIDGE  TO  LINK  INDIVIDUAL GOLD PARTICLES 
TOGETHER  4HE  ABOVE  SHOWN  AGGREGATE  IS  THE  RESULT  OF  THE 




GROUP  ADDITION  OF  THE  TRIPEPTIDE  GLUTATHIONE  TO  AQUEOUS 
GOLD DISPERSIONS BRINGS ABOUT CHANGES IN THE 566IS SPECTRUM 
































































































































7HEN  CYSTEINE  IS  LINKED  TO  NANORODS  FOLLOWED  BY 
GLUTATHIONE  &IG  	  MONITORING  CHANGES  BY 
SPECTROPHOTOMETRY  BECOMES  MORE  DIF½CULT  3INCE  GOLD 
NANOPARTICLES ARE ½XED ON THE SURFACE &IG 	 THE SPECTRA OF 
RODS  SYNTHETIZED  FROM GROWTH  SOLUTIONS WITH DIFFERENT GOLD 






THE  ABSORBANCE  MAXIMUM  INCREASES  AND  THE  SPECTRUM  IS 









BASIS  OF  THEIR  PLASMON  RESONANCE  MAXIMA  BY  566IS 
SPECTROMETRY AND THEIR SIZES WERE DETERMINED BY 4%- 4HE 
EFFECT OF PRECURSOR RATIO AND REDUCING AGENT ON PARTICLE SIZE 
AS  WELL  AS  THE  SIZE  AND  ZETA  POTENTIAL  OF  THE  AGGREGATES 
FORMED  WERE  STUDIED  BY  $,3  566IS  ABSORPTION  SPECTRA 
SHOWED THAT PARTICLES GET CLOSER TO EACH OTHER AND ATTACH SO 
THAT  THE  ABSORBANCE MAXIMA OF  SPECTRA  SHIFT  TO  THE  LARGER 
WAVELENGTHS  4HE  SECOND  PEAK  REFERS  TO  THE  LONGITUDINAL 
SURFACE  PLASMON  FREQUENCIES  BECAUSE  OF  THE  CHAINLIKE 
ATTACH OF GOLD NANOPARTICLES CAUSED BY THE CYSTEINE BRIDGE 








.ANORODS  WERE  SYNTHESIZED  ON  SILANIZED  GLASS  SURFACES 
AND PARTICLE GROWTH CAN BE FOLLOWED BY !&- /UR EXPERIMENT 
SHOWS  HIGH  CONCENTRATIONS  OF  (!U#L  DEPOSIT  THICKER  GOLD 
NANOROD LAYERS ^ NM	 ON THE SURFACE 7HEN CYSTEINE IS 
ADDED TO GOLD SOLS THEIR PLASMON SPECTRA ARE SHIFTED DUE TO 
AGGREGATE FORMING AND BY CYSTEINE AND GLUTATHIONE MOLECULES 
BINDING TO THE SURFACE OF THE GOLD PARTICLES OR NANORODS
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 6IKTvRIA (ORNOK IS CURRENTLY A 2ESEARCH 
!SSISTANT AT THE 3UPRAMOLECULAR AND 
.ANOSTRUCTURED -ATERIALS 2ESEARCH 
'ROUP IN THE #OLLOID #HEMISTRY 
$EPARTMENT (ER RESEARCH ACTIVITIES 
FOCUS ON THE PREPARATION 
CHARACHTERIZATION AND APPLICATION OF 
,AYERBY,AYER THIN ½LMS FROM 
NANOPARTICLES POLYELECTROLYTES AND 
PROTEINS	 (ER RESEARCH INTEREST INCLUDES 
THE NEAR ATOMICSCALE IMAGE AND 
THICKNESS DETERMINATION OF THIN ½LMS BY 
!TOMIC &ORCE -ICROSCOPE
 2ITA 0ATAKFALVI GRADUATED IN CHEMISTRY 
AT THE 5NIVERSITY OF !TTILA *vZSEF 3ZEGED 
(UNGARY AND STARTED TO WORK IN THE 
.ANOSTRUCTURED 2ESEARCH 'ROUP OF THE 
(UNGARIAN !CADEMY OF 3CIENCES 3HE 
RECEIVED HER 0H$ DEGREE IN 
ENVIRONMENTAL SCIENCES AT THE 5NIVERSITY 
OF 3ZEGED (UNGARY IN  (ER MAIN 
RESEARCH INTEREST IS THE PREPARATION AND 
CHARACTERIZATION OF NOBLE METAL 
NANOPARTICLES #URRENTLY SHE IS RESEARCH 
SCIENTIST AT ±#ENTRO 5NIVERSITARIO DE LOS 
,AGOS² AT THE 5NIVERSITY OF 'UADALAJARA 
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